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INTRODUCTION
The field of pain research has made tremendous advances over the last 30 years. A recent comprehensive categorical and bibliometric meta-trend analysis of original research articles published in the journal PAIN between 1975-2007 highlighted developments in pain research over time [23] . This review documented a shift in topic area (from human intervention to animal behavior pharmacology) and experimental methods (from thermal to mechanical stimuli). Although 30% of the included studies evaluated the efficacy of interventions, most of the highly cited papers documented new animal models [e.g., 4, 15] or the development of measures (e.g., McGill Pain Questionnaire [22] with 2400 citations).
Pediatric pain is a robust research area that began in the 1970's [20] . Early studies comparing adult and child pain management revealed significant undermedication of children, fuelled by a belief that children (especially infants) did not feel pain, or that anesthetics were too risky to be used in surgery for this population [5, 10, 28] . Research by Anand and colleagues (1987) revealed a substantial stress response as well as higher mortality and morbidity rates in children undergoing surgery without anesthetics, and these findings created public appreciation for the importance of optimal pain management in children [2] . Public awareness was further intensified by the story in the late '80s of Jeffrey Lawson, an infant who died from complications following surgery without proper anesthesia, whose mother Jill spoke out about this experience in a Washington Post article [27] . These events catalyzed public interest and research in pediatric pain [20] .
Prior reviews of the state of the field of pediatric pain research have shown a significant increase in published journal articles on pediatric pain over time, especially in neonates [3, 13] .
The field has also been advanced by publication of key textbooks (e.g., Oxford Textbook of Paediatric Pain (2013)), international meetings (e.g., International Symposium on Pediatric Pain (http://childpain.org/ispp.shtml), International Forum on Pediatric Pain (http://pediatric-pain.ca/ifpp)), the initiation of the International Association for the Study of Pain's Special Interest Group on Pain in Childhood (IASP; http://childpain.org), and international training programs (e.g., Pain in Child Health (PICH); http://paininchildhealth.dal.ca [33] ). As a consequence of its rapid growth and multidisciplinary nature, pediatric pain literature is scattered across disciplines and journals, making it challenging to develop a comprehensive overview of the current evidence [26] . For instance, secondary analyses on data gathered by Mogil and colleagues [23] revealed that 5% of the published articles in PAIN involve children.
An in-depth, systematic analysis of the current state of the science of pediatric pain research and its evolution over time is warranted.
The present study used similar methodology to Mogil and colleagues (2009) [23] .
Bibliometric analysis, a set of methods to quantitatively analyze scientific literature in order to document the impact and trends within a field, was used to provide a quantitative overview of research on pediatric pain published in peer-reviewed journals between 1975-2010. In addition, geographical and disciplinary distribution of authors are reported, as well as categorization of topic and sample characteristics (i.e., age of participants, type of pain experience) over time.
METHOD

Bibliometric data acquisition
A four-step approach was followed to select the final set of articles on pediatric pain, as a starting point, as this marks the inception of the leading journal PAIN [23] . The end year 2010 was chosen as it represents the end of a decade, allowing us to use evenly distributed five-year blocks to present the data. Due to pediatric pain research being published in a wide range of journals, and our interest in not only original research articles but also reviews, theoretical articles and clinical guidelines, we did not limit our analyses to empirical research published in the journal PAIN. We expanded our journal source to include any journal publishing any type of article on pediatric pain. Given the breadth of our search approach and the range of expected publication sources, we limited our data extraction to abstracts only and not the full text of the selected articles. Pilot testing data extraction from the abstracts demonstrated that the majority of the information could be identified from consulting the abstract only.
In the first step, the ISI Web of Science database TM was used as the main database to conduct our search. The ISI Web of Science TM database was chosen over other existing databases as it covers more scientific disciplines (vs. PubMed which is focused on medicine and biomedical science), a broader range of dates of publications (vs. SCOPUS which is limited to articles published after 1995), a large spread of countries (i.e., 46 different languages represented) and provides a detailed citation analyses [11] . A title-search was conducted in ISI Web of Science TM , requiring the presence of at least one developmental and one pain-related keyword in the article title. The keywords for this search were selected in consultation with a librarian specializing in systematic reviews. Specifically, the developmental keywords used were based on recommendations by Leclercq and colleagues (2013) for selection of comprehensive and highly sensitive pediatric search terms [19] . To obtain an inclusive list of pain terms, the pain-related keywords were based on two recent and comprehensive (i.e., not focusing on one specific type of pain) reviews on pain [9, 26] . See Appendix A part 1 for the exact keywords used within the search. This first step, conducted in January 2013, resulted in a total of 7667 articles.
For the second step, two authors (L.C. and K.E.B.) independently screened the titles to check eligibility for inclusion and to screen for duplicates. All decisions were compared and any disagreements were resolved with consensus. Duplicates and articles that, based on their title, met one of the exclusion criteria (e.g., dissertations, case studies, conference abstracts, books; see Table 1 for full list) were excluded (N = 1916 or 24.99%), resulting in a sample of 5751 articles that were retained for the next step. Primary reasons for exclusion at this stage were: the title of the article revealed that the articles were case studies (N = 770 or 40.19%),
articles that had been identified in the search based on unrelated words captured by truncated search terms (e.g., the search term pain* revealing abstracts about "paint") or misspellings (N = 363 or 18.95%) or articles solely focusing on adult samples (N = 289 or 15.08%). If eligibility for inclusion was unclear based on the title alone, the article was retained and checked for eligibility during the fourth step.
In the third step, for reasons of feasibility only the abstracts of the 5751 articles that had been retained for inclusion were retrieved from a scientific database. If the abstract was not available in Web of Science TM , PubMed was searched for the availability of an abstract, as
PubMed constitutes an important and easy to access resource to retrieve biomedical scientific information [11] . Google Scholar was not used as a source because evidence indicates this database could be less trustworthy due to occasional inadequacies and less control over the access of the covered content [11] . If an abstract could not be located on either Web of Science TM or PubMED, only the article title was retained for the next step (i.e., coding). A total of 55 duplicates, which were not captured during the title screening were removed at this time, resulting in 5696 articles selected for the fourth step (i.e., abstract coding).
In the final and fourth step, all abstracts were equally divided between 11 coders in a random method and coded using the coding system described below. In this step, each coder screened their allocated abstracts for inclusion using the in-and exclusion criteria (see Table   1 ). A total of 1440 abstracts were excluded during this phase, with main reasons being: no abstract available (N = 1048 or 72.78%), case study (N = 145 or 10.07%), use of an adult sample only (N = 106 or 7.36%), or pain was not of primary interest (N = 66 or 4.58%).
Therefore, the data presented in the subsequent analyses is based on the final number of coded and included abstracts, N = 4256. Figure 1 provides an overview of the article selection process.
-Include Figure 1 and Table 1 about here -
Coding strategy
The abstracts of the included articles were coded using a modified version of the coding system developed by Mogil and colleagues (2009) departments). In addition, it was indicated whether the subjects were animals or children and whether the sample also included parents, teachers and/or health professionals. The categories used to code the age of the participants were based on the definition of the MeSH terms used by Medline and included the following categories: premature (born <37 weeks of gestation), newborn (0-30 days), infant (1-23 months), preschool (2-5 years), child (6-12 years), adolescent (13-18 years) and adult (>18 years). A category 'child NOS' was added to indicate that the article represented children, but the age range could not be deduced from the abstract.
In addition, to code age characteristic in animal studies the following age guidelines were used:
premature (rat of 0-6 days), newborn (rat of 7-13 days), child animal (rat of 14-20 days), adolescent (rat of 21-63 days) and adult (>63 days) [21] . In accordance with the coding strategy by Mogil and colleagues (2009) at least one code in each category was required, but multiple codes were allowed (e.g., an article including both a clinical and healthy sample would receive two codes for the category 'sample type': one for clinical sample and one for healthy sample) [23] .
The adjusted coding system was piloted by all co-authors and adapted accordingly.
After pilot testing the coding system, all 11 coders (i.e., all co-authors) independently coded their allocated articles. To ensure interrater reliability, a random selection of 10% of each coders' articles were coded by the primary author (L.C.). Abstracts on which the primary and reliability coder disagreed on were checked by a third, independent coder. Intraclass correlation coefficients indicated a good to excellent interrater reliability of the coders with a mean value of .83 (range .70 -1.00) [18] .
In addition to the above-mentioned categories the country, state/province/region, and discipline (e.g., medical science, nursing, psychology, pharmacology, physiotherapy, dentistry) of the first author was retrieved if available from the abstract. Lastly, the citation score (i.e., the number of citations since publication) for each included abstract was obtained on December 1, 2014.
Analyses
For each category code (e.g., original research article, review article, pain assessment, pain intervention, healthy sample, acute pain, chronic pain) a percentage score was calculated per 5 years (1975 -1980; 1981 -1985; 1986 -1990; 1991 -1995; 1996 -2000; 2001 -2005; 2006 -2010) by dividing the total frequency of the specific category code for the 5-year period by the total number of publications in that respective 5-year period [23] . An important note with respect to the percentages is that due to the possibility of an article qualifying for more than one code of a particular category (e.g., article reports both on pain assessment and intervention), the sum of the percentages within a given category could exceed 100%. These percentage scores were used in linear regression analyses, with the time period as the independent variable and each respective categories as the dependent variables, to investigate whether the percentage significantly increased or decreased over time.
RESULTS
Full dataset
The excel file of the full dataset (encompassing both the included and excluded articles from step 4, each in a different file) can be found as Supplemental Digital Content. In . This data file is available for readers to use for further analyses.
Bibliometric information and trends
As shown in Figure 2 , the results indicated a significant, steep increase (β = .95, p < .01) in the number of publications from a total of 41 included in our search between 1975 and 1980 to a total of 1630 in the last 5-year period (2006 -2010) . Table 2a provides an overview of the top 20 articles with respect to their total citation score, while Table 2b provides an overview of the top 20 included articles with respect to their relative citation score (i.e., taking into account the number of years since publication). Articles reporting on pain assessment (35% for raw and 25% for relative citations ranking), effectiveness of various pain treatments (30% for raw and 40% for relative citations ranking), and the epidemiology of pain (25% for raw and 20% for relative citations ranking) are prominent within both lists.
-Insert Figure 2 , Table 2a included in our search, each journal has published can be found in Table 3 .
-Insert Table 3 Of those reviews, the majority consisted of narrative reviews (≥87% of all reviews in any given 5-year time period). Although systematic reviews represented only a small portion of all review articles, an increasing trend was observed in the percentage of systematic reviews published over time (β = .74, p = .060).
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Topic of article
As depicted in Figure 7 , the most popular topics in the included articles throughout the 
DISCUSSION
The results of this categorical and bibliometric meta-trend analysis provide a comprehensive overview of the development of the scientific literature in pediatric pain over 35 years following the inception of the field. In accordance with the observed increase of research on pain in general [23] , our findings revealed a continued increase of pediatric pain literature since 1975. This growth was especially notable since 1990, which coincided with a shift in focus from chronic pain to acute pain. This shift to acute pain research is in contrast with the adult pain literature where a growing focus on chronic or disease-related pain seems apparent [23, 24] . It is possible that this shift reflects increased awareness about the problem of procedural pain in children, which has been the focus of recent clinical practice guidelines and other knowledge translation work [30] . Furthermore, the focus on acute pain in childhood might also be prevalent due to growing acknowledgment of the possible role of early life pain experiences in the development of chronic pain or altered pain processing [29] . Similar to earlier reviews [3, 13] , our findings show a continued increase in research on neonatal pain over time. This likely reflects the increased survival and need for care of preterm neonates and associated ubiquitous procedural pain exposure.
The most popular research topics identified were pain characterization, intervention, and assessment, which is also reflected in the top most cited articles mainly consisting of studies on pain assessment, randomized-controlled intervention trials, and epidemiological studies. Although mostly in line with trends observed within the larger field of pain [23] , notable differences were observed for articles on pain characterization, with a substantially larger representation within pediatric pain, and pain anatomy/physiology, which was considerably less represented within pediatric pain literature [23] . These differences might reflect the position of pediatric pain as a relatively new, emerging field within the larger pain field therefore prioritizing a better understanding or characterization of pediatric pain experiences. Additionally, this finding reflects the mostly clinical orientation of pediatric pain research, but the relative lack of basic science exploring biomedical mechanisms specific to pediatric pain experiences. This orientation might also be partially explained by ethical challenges involved in applying methodologies to investigate underlying pain mechanisms (e.g., imaging, experimental pain induction) within a vulnerable sample of children [6] .
Further supporting this clinical focus is the observed increase in systematic reviews. This may be a result of the Cochrane Collaboration established in 1993, which includes the Pain and Palliative Care group promoting systematic reviews on interventions for acute and chronic pain across the lifespan to advance evidence-based pain management.
Consequently, similar to the strategic pain research agenda for the 21 st century, outlined by Gereau and colleagues (2014), the field of pediatric pain could benefit from a more strategic approach to identify future research directions. The findings from this review can be first step in this direction. For instance, our finding of a small number of animal studies or research studies utilizing experimental pain paradigms in children supports the need for increased bidirectional, translational research between clinical and basic science, which could further our understanding by investigating similar research questions with different methodologies [12] . For example, animal studies could have the particular potential to shed more light on the impact and continuity of pediatric pain into adulthood. This need to promote collaborative activities between research and clinical settings has also been identified as an important future direction within the field of pediatric psychology [7] . However, not all areas for which a relative low representation was identified might require increased research efforts.
For example, despite a low representation of research in infants and preschoolers, the identified distribution of research attention across age groups maps well onto established pain prevalence rates throughout development [25] . Nonetheless, one could argue that more efforts are needed to understand how pain responses and pain management are shaped early on in development and how this impacts later pain sensitivity. Consequently, further initiatives (e.g., panel discussions with field experts and patients) are needed to further develop a strategic research agenda for the field and establishing research priority areas. Given the importance of public awareness and advocacy within the history of pediatric pain, continuing, or even increasing, our efforts to involve and make the public aware of pediatric pain as a major health problem will be crucial for the success of this strategic agenda [7, 12] .
Our findings with respect to the bibliometric indicators are largely consistent with the indicators for general pain research [23, 26] , with PAIN identified as the top ranked journal publishing most pediatric pain research, followed by the journals Headache, Cephalalgia, European Journal of Pain and Pediatrics. This ranking indicates that pediatric pain researchers focus on reaching a broader pain-related audience rather than a pediatric-focused audience. Furthermore, two of the top ranked journals are specifically focused on headache (i.e., Headache and Cephalalgia), thereby endorsing previous findings of headache being the pediatric pain condition receiving most attention [8, 17] . Further in alignment with the larger pain field is the dominance of the USA within pediatric pain literature. However, a striking difference is the relative contribution of Canada to the field of pediatric pain, which ranked second in our review compared to third or fourth [23, 26] for contributions to general pain literature. This finding reflects previous findings [31] and training efforts (e.g., initiating the international training program PICH) by Canada to increase capacity for pediatric pain research by publishing more articles on pediatric pain than expected using average world publication rates as a guidance [31] .
The main strengths of the current review are the breadth in both the scope of the search and content analyses of the included articles. Our search was not limited to one journal, which contributes to the richness of the gathered data, and the results confirm the large spread Articles focusing on pain evaluation or a diagnostic test for pain. Examples are articles describing the efficacy, sideeffects, cost-effectiveness, utility of a diagnostic test. Includes also articles in non-clinical subjects designed to explain the mechanism of action of the diagnostic test. Also includes outcome studies and articles reporting on the training, experimental ethics or healthcare policy
Pain intervention
Articles focusing on an intervention for pain (e.g., surgical, energetic, pharmacological, psychological, physical/behavioral). Examples are articles on the efficacy, side-effects, cost-effectiveness, utility for an intervention for pain. Includes also articles in non-clinical subjects designed to explain the mechanism of action of the intervention. Also includes outcome studies and articles reporting on clinical pain management, training, experimental ethics or healthcare policy/usage.
Pain characterization/ epidemiology
Articles describing or characterizing a pain syndrome or phenomenon in terms of its incidence, prevalence or impact, features or symptoms, classification, predictive or risk factors, or effects on other variables. This also includes epidemiological articles and articles describing pain behaviors or symptoms in general, not in the context of pain assessment or investigation of a modulatory effect on pain behavior. Model development Articles presenting, refining, translating, characterizing and/or evaluating the validity, reliability or usefulness of a model, scale, questionnaire, dependent measure, paradigm or technique.
Procedural factors
Articles reporting on the modulatory effect of procedural factors of a painful procedure (e.g., the impact of length of a procedure on the pain experience, which immunization to give first)
Biological factors
Articles reporting on the modulatory effect of biological factors, organismic factors or molecules on pain, as well as articles reporting on where pain processing or modulation occurs. Also includes articles reporting on physiological processes related to pain.
Child factors
Articles reporting on the modulatory effect of a child-related factor on pain (e.g., age, sex)
Parental factors
Articles reporting on the modulatory effect of a parentrelated factor on pain or the impact of pain on parental functioning (e.g., impact of parental catastrophic thinking, impact on parental functioning, emotional well-being)
Family factors
Articles reporting on the modulatory effect of a familyrelated factor on pain or the impact of pain on family functioning (e.g., family functioning, siblings, relationship between parent-child). 
